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min sonication at ambient temperatures using 5.5 mL acetone). The 
results of the remaining ammunition-firearm combinations are presented 
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Table 6-1: Degradation [%] and mean standard deviations (SDs) [%] (n = 3) of the 
target compounds over 63 days extracted using the optimised protocol 
(Chapter 5) from spiked (10 ng) gunshot residue stubs and swabs. Stable 
compounds are defined as compounds degrading less than 15 % on GSR 
















AAS Atomic absorption spectroscopy 
ACN Acetonitrile 
ANN Artificial Neural Network 
APCI Atmospheric chemical ionisation 
AUS Australia 
Ba Barium 
CE Collision energy 





DEP Diethyl phthalate 




EC Ethyl centralite 
EGDN Ethylene glycol dinitrate 
EtOH Ethanol 
FID Flame ionisation detector 
GC  Gas chromatography 
GC-TEA Gas chromatography coupled to thermal energy analyser 
GSR  Gunshot residue/s 
h Hour/s 
HMF Heavy-metal free 
HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7-tatrazocine 
HPLC High performance liquid chromatography 
IED Improvised explosive device 
IGSR Inorganic gunshot residues 
IMS Ion mobility spectroscopy 
IPA Isopropanol 
ISTD Internal standard 




LA-ICP-MS  Laser ablation inductively coupled plasma mass 
spectrometry 
LC Liquid chromatography 
LC-QTOF-MS Liquid chromatography coupled to quadrupole time of 
flight mass spectrometry 
LED Light-emitting diode 
LF Lead free 
LOD Limit of detection 
LOQ Limit of quantification 
MC Methyl centralite 





MLP Multilayer perceptron 
mm Millimetre 
mm2 Square millimetre 
MPP Minimum peak pair 
MRM Multiple reaction monitoring 
ms Milliseconds 
MS Mass spectrometry/ mass spectrometer 
MS/MS Tandem mass spectrometry 
MTBE Methyl tert-butyl ether 











NO Nitrogen monoxide 
NO2 Nitrogen dioxide 
NPD Nitrogen phosphorus detector 
NSW New South Wales 
NSWPF New South Wales Police Force 
OGSR Organic gunshot residues 
Pb Lead 
PDMS/DVB Polydimethylsiloxane/divinylbenzene 
PETN Pentaerythitol tetranitrate 
pg Picogram 
PMDE Pendant mercury drop electrode 
ppm Parts per million 
PTFE Polytetrafluoroethylene 
QQQ-MS Triple quadrupole mass spectrometer 





rpm Revolutions per minute 
RSD Relative standard deviation 
RT Room temperature 
Sb Antimony 
SDS Sodium dodecyl sulfate 
sec Seconds 
SEM-EDX Scanning electron microscopy with energy dispersive 
x-ray spectroscopy 
SOP Standard operating procedure 
SPE Solid phase extraction 
SPME Solid phase microextraction 
Sr Strontium 
SD Standard deviation 




UHPLC Ultra-high performance liquid chromatography 
UP Ultrapure 
USA United States of America 
UV Ultraviolet 
TOF-SIMS Time of flight secondary ion mass spectrometry 
WH Width after heating 
WN Nominal width 








The detection and interpretation of gunshot residues (GSR) plays a crucial role in 
the investigation of firearm related events. Specimens are commonly collected using 
GSR stubs with double sided adhesive carbon tape. After collection, the stubs can 
directly be analysed using scanning electron microscopy with energy dispersive x-
ray spectroscopy (SEM-EDX), which is widely used for the detection of inorganic 
gunshot residues (IGSR) as it provides simultaneous elemental and morphological 
information of discrete particles. Since SEM-EDX analysis focuses on the detection 
of characteristic GSR particles incorporating the elements lead, antimony and 
barium, the relatively recent introduction of lead free (LF) and heavy-metal free 
(HMF) ammunition challenges the current standard operating procedure (SOP) for 
GSR analysis. Other problems arise from the recent findings of GSR-like particles 
from environmental and occupational sources. The incorporation of organic gunshot 
residues (OGSR) into the current SOP can provide additional and complementary 
information that is alleged to overcome these limitations. This project focused on the 
detection and incorporation of OGSR to current GSR SOPs on different levels. 
A screening technique was developed for the in-field detection of 
compounds potentially present in smokeless powders and GSR. The technique was 
based on microfluidic paper-based analytical devices (PAD) and fluorescence 
quenching of pyrene and showed promising results for detecting energetic 
compounds in OGSR. A portable PAD reader was built and showed potential for 
in-field detection of GSR (and explosives).  
A second screening technique was developed based on solid phase extraction 
(SPE). This technique can allow pre-concentration and clean-up of samples before 
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OGSR analysis, which might be necessary considering the low amounts of OGSR 
that are commonly detected on specimens directly collected after discharge. A 
proof-of-concept study using a completely automated on-line SPE robot, the 
RapidFire®, connected to a triple quadrupole mass spectrometer (QQQ-MS) was 
conducted showing promising results for the pre-concentration and/or screening of 
OGSR.  
To allow the detection of a broad range of OGSR, an ultra-high performance 
liquid chromatography (UHPLC) method with ultraviolet (UV) detection and mass 
spectrometric confirmation using a QQQ-MS was developed using a statistical 
approach (Artificial Neural Networks (ANN)). This approach was applied for the 
first time to GSR analysis. The network was trained and used for the prediction of 
retention times of the target compounds in relation to different gradients. The final 
UHPLC-UV method was fully validated and tested using simulated case specimens 
collected at an indoor firing range. It proved sufficiently sensitive and selective for 
the detection of OGSR from hands and the establishment of smokeless powder 
profiles. 
  Three different collection protocols for the recovery of OGSR and IGSR 
from hands were conceptualised to enable both subsequent OGSR analysis by 
UHPLC-UV and IGSR analysis by SEM-EDX. Comparing the two superior 
protocols, the extraction efficiencies of OGSR from alcohol swabs and GSR stubs 
were found to be comparable, while GSR stubs proved to be more efficient in 
collecting OGSR. Testing the protocols using simulated case specimens taken at the 
shooting range confirmed that GSR stubs followed by liquid extraction are more 
suitable than wipes for a combined collection of OGSR and IGSR. 
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Finally, the stability of OGSR on collection devices, i.e. alcohol swabs and 
GSR stubs, was investigated for a time period of 63 days. Interestingly, energetic 
compounds were found to be relatively stable, while stabilisers, often the target 
compounds for OGSR, degraded mostly following a negative logarithmic curve. 
This could be problematic for the developed SOP for the collection and analysis of 
both OGSR and IGSR, since SEM-EDX analysis is preceding OGSR analysis 
causing the degradation of compounds of interest. 
In summary, an SOP for GSR collection and analysis was developed that 
could potentially overcome problems arising from LF and HMF ammunitions. 
Further research studies into persistence and background are necessary to test the 
value of the developed SOP in a forensic framework. 
 
  
